EVALUATION OF BOND CHAKACTE BIS TICS 


BY 

ULTRASONIC PULSE ECHO TECHNIQUE 


By 

C. M. BHATNAGAB 


fnfj iin ^ /f^ 

fl k Ip ^ 


A Thesis Bulsmitted 

In partial fulfilment of the requirementa 
for the Degree of 

MASTEE OP TEGHNOEOG-Y 


to the 

DEPAETMENSD OF METALLUEGICAtj ENGINEEING 
INDIAN INSTITUTE OF TEOHNODOGT, KAFPUB 


October, 1976 

*> * 



EVALUATION OF BOND CHARACTEEISTICS 


BY 

ULTRASONIC PULSE ECHO TECHNIQUE 


By 

C. M. BHATNAQAB 



A Thesis Bnbmltted 

In partial fnlf ilment of the reqtiirements 
for the Degree of 

MASTEB OF TBCHNOLOQ-Y 


DBPABTMENT OP MBTALLUEGICAIi ENGINEJUING 

A. 

INDIAN INSTITUTE OP TECHNOLOGY, KANPUR 


October, 1976 







GEHTR. 


hm, N<' 


, ' ' i? S Ki w 

4mft 

» f ^ ♦# 


>vt: 





1tii« is t0 mwttif ttumt tiks nsjtc 




tf mm 




srrr.tT.'*: if zi: 


Vt!tM Mils ■ ■:r'"l-; 'j» im# nenriiNI ©nfe 
aiUfi C«M» insl^r tm, it 

fctSJl ist l)MS SiiSlilSIll Ibf a #lfN«« 


( n.J,. ,-.a.l!S'A > 


it-' 


■ff 


‘,. r 
"AX, ^• 


. . f .t * ■ 1 A 1#, 


} ... . _ ’ ' ■ 

(yi 



ackno¥Lidg;^ment 

At the outset, I srress my deep gratitude to 
Dr. M.L. Vaidya, Assistant Professor (Metallurgy) , I.I.l., 
Kanpur for his excellent g^aidance and helpful discussions 
at various stages in the work without which it would not 
have -heen possible for me to carry out the present work, 

I would also likf= to take this onportunity to 
express my sincere thanlcs to Dr. K.P, Singh, Head of 
Department of Metallurgical ''Engineering and Dr. M.ll, Shitty 
Assistant Professor (Metallurgy), I.I.T., Kanpur for their 
constant encouragement given to me. 

I am also indebted to Shri A.K. Bhattacharyya, 
Director (M&C) and Shri C.G. Bashyam, Joint DirectorCM-^t) , 
Research Designs & Standards Organisation, Ministry of 
Railways, Lucknow, for their kindness and for the permission 
extended to me to undergo the M. Tech, programme in Metallur 
cal Engineering at Indian Institute of Technology, Kanpur. 



(G'.M. BI-L'iTHiGArO 



ABSTRACT 


Non-destructive testing is an Integral and important 
part of current expanding activities in Materials 
Technology and is being widely used for quality control. 

In order to evaluate the bond characteristics by 
Ultrasonic pulse echo technique experiments were conducted 
on Antifriction metal bonded to Bronze and steel. The 
evaluation was based n the theory that transmissioa of 
ultrasonic waves will be better through good bonds 
than throijgh tad bonds. Evaluation was carried out by 
measurement of electrical conductivity and study of 
ultrasonic reflections from different zones in bonded 
plates having White metal lining and Bronze, 

Detection and evaluation of bond becomes easier 
if reflection and transmission coefficients of the 
materials used are known. The coefficients were determined 
by using Immersion technique of ultrasonic testing. The 
experiments have shown that bonds with antifriction 
lining of thickness 4-6 mm can be evaluated by direct 
contact whereas for thinner lining Immersion testing 
is recommended. 

The comparative study of ultrasonic reflections 
has revealed that the quotient of back reflection to bond 
reflection provides a good indication of the qu^-lity of 
the bond. The quotients were corelated with electrical 
resistivity values and it was established that the 
greater. the quotient, more homogenous will be the bond. 
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WALUATIOH OF BOND CIlARACTjSRI^ICS BY ULTMSONIC PULSE 


ECHO TECHNIQUE 

INTHjDUCTIQH 

In recent years, greater emphasis and demand have 
been placed for improvement in quality control due to which 
testing techniques are continually being developed. 

The increasing use of bonded components has developed a need 
for a method of evaluating the condition of bond on parts 
and on completed assemblies. The engineer who uses these 
components is more concerned with the way in which they stand up 
to the v7ork required by them. 

Non-destructive testing is an integral and Important 
part of current eypanding activities in Materials Technology & 
is being widely used for quality control. The application of 
ultrasonic waves is generally recognised as one of the major 
methods employed today in non-destructive testing. Ultrasonics 
is the name given to the application of sound waves having fre- 
quencies higher than 20 KC/Eec, Ultrasonics has been used for 
investigation of manner of propagation and attenuation of elastic 
stress waves in solids which enables the study of physical con- 
stants and inteimal defects in the material, iit the present time, 
pulse technique is the most widespread one for testing of material 
& products by ultrasonics. There is a little information avail- 
able -for evaluating the bond characteristics. The evaluation 
is based on the theory that transmission of ultrasonic waves 
will be better through good bonds than through bad bonds. 

The teclmique offers a high sensitivity to detect 
the flaws in the material. This degree of 
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flaw detection sensitivity is maintained even in the piBsence of 
internal stresses in the material, thonigl^* compressing the defect 
they diminish the reflection coefficient of ultrasonic waves. 

The signals observed on the flaw detector screen are the carrier 
of information about the material under test. The difficulties 
in testing of a material are due to the lack of information of 
flaw size or flaw characteristics and lack of univocal setting 
of testing parameters. 

The project work involved evaluation of degree of bond by 
measurement of electrical conductivity in different zones and study 
of reflection attenuation of ultrasonic waves. The behaviour 
of ultrasonic waves has been aaalysed by studying the sequence of 
multiple echoes and by comparative examination of pulse echo reflect- 
ions, The analysis has shown that a good bond produces a clean 
sequence of eochofes , The comparative examination's of reflections have 
revealed that the quotient of back reflection to bond reflection ; 
provides a good indicator of the quality of the bond. The test 
results also show that in addition to qualitative assessment, a 
quantitative evaluation can also be made to a certain extent. 

Both the methods would find their applications in ultrasonic 
testing of bonds in bearings, clad metals etc. depending on the 
design and thicknesses of the material. A good mechanically strong 
bond between the bearing alloy and the supporting shell is vary 
important for best perf«s«rmance. ’ 

2. BEARING METALS 

2.1 Bearings are used in various types of machinery, under 

conditions so widely different that tha chemical composition and 

..3 



properties required of bearing alloys cover a very broad range. A 
bearing alloy well suited for a certain application may be entirely 
useless in another. A good bearing alloy cannot be defined in a 
general way, but must be deteitiined according to the type of 
application. 

2.2 i3iffer3nt metals and alloys have different values for 
sound velocities and acoustic impedance. The latter is defined as 
the product of sound velocity and the density of the material concei 
The greater the discrepancy between the acoustic impedance of two 
metals, the lower is the percentage of sound penetrating and thus 
such bonds are easier to test by ultrasonic technique. The smaller 
the difference between the acoustic impedance of the alloys ! 

I 

concerned, the more difficult it is to test the bond. Hence ' 

for ultrasonic testing, it is necessary to know the chemical 
ccmposition, sound velocities and acoustic impedance of the 
material subjected to ultrasonic tests. The values for a few virglni 

I 

metals and bearing alloys, given below show the differej$ce of ! 

1 

sound velocity and acoustic impedance. . 

TABLE 1 VBLaCITIAS (Sc ACOUSTIC IMPBDAJjCB OF VIB GIE 

M&TALS & ALLUfS USBD IB BAABiNGS. 


j)laterial 

1 Sound velocity- 

1 Longitudinal 

1 waves 

1 X 10^ m/Sec. 

1 Acoustic jjnpedance 

1 X 10^ kg/m^Sec 

Lead 

2.16 i 25 

5 

Tin 

: 3.32 

; 24 

Copper 

4.7 

; 42 

Aluminium 

6.32 

; 17 

Brass 

3. S3 

33 

Zinc 

4.17 i 

30 

Tin base alloy* i 

i 3.28 

24.3 

Lead base alloy * 

: 2.4 

[ 23.6 


♦Typical composition 



2,3 A. brief review is given covering commercially used bondt 
bearing metals. 

2.3.1 MiITB! METALS ;- The most widely used bearing metals 
are white metals, both those on a tin-base and those on a lead-base 
The widespread use of white bearing metals is due, firstly, to 
their low coefficients of friction, and secondly, to the high 
absorption capacity for oil as lubricant. The system that has been 
chosen for study is lead— base white bearing metal with a cast bronz 
backing plate, 

(si) Tin-base a l loys ;- The tin-base bearing materials, known 
commercially as "Babbitts" are substantially alloys of tin, antimony 
& copper to which may be added as much as 30^ lead for the purpose 
reducing their cost. Zinc, aluminium, arsenic, bismuth and iron 
are limited in amount. The structures of these alloys vary in 
accordance with their composition. The tin-base alloys have lower 
resistance to fatigue than lead-base alloys and are normally 
used in low-load situations. On the other hand, tin- base alloys 
are easier to bond and have excellent anti- seizure qualities. 
Further, they resist corrosion much better than lead-base bearing 
alleys. 

(b) Lead-base all oys ; - The lead-basd bearing alloys are of two 

types : (i) Alloys of lead, tin, antimony & in many instances, 

arsenic 

(ii) Alloys of lead, calcium, tin and alkaline earth 
metals. 

The properties of lead-base bearing materials varies with 
composition. In the absence of Arsenic, the mic restructure 
of these alloys consists of ehboid-shaped primary crystals of 
Sb Sn or of antimony embedded in a ternary mixture of Pb-Sn-Sb Sn 
in which lead forms the matrix. The antimony content is 9-15^ and 
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if it exceeds the alloys becomes too brittle and ±s not nseful 
as a bearing material. The addition of arsenic has the advantage 
of improvement in the mechanical properties, particularly at . 
.elevated temperatures. The lead-base bearing alloys are 
considered low-cost substitutes for tin-base alloys^ It has been 
found that when the lead-base alloys are used in reduced thicknesses 
the resistance to fatigixs is approximately equal to that of the 
tin-base alloys and there is also not much difference in anti- 
seizure characteristics . 

2.3.2 Cadmiimr-base alloys i These have a low coefficient 

of friction, good oil absorp ition, good heat dissipation and high i 
static and dynamic load carrying capacity. The alloy mainly consist^ 
of 95-98fa cadmium, 2.0 - 1,0^ nickel. Silver, copper, tin, lead, i 
zinc are in very small percentage. These alloys bond readily 
with steel. The bond is strong and ductile due to presence of ■ 

nickel in the bearing alloys. 

2.3.3 C opper- lead alloys ; The alloys are used with steel- 
backed bearings mostly in aircraft and automotive Industry 

and contain copper 60-75^, lead 25-40^, silver 1.6^ max. and 
other elements as zinc, tin, phosphorus. The higher the lead 
content the lower is the fatigue strength and higher the anti- 
frict&onal characteristics. 

2.3.4 Aji 3.ffiliilum-base alloys ; These bearings are chiefly 
used in the form of homogenous single parts. Processes have also 
been developed for bonding the aluminium bearing alloys to 
steel backing material, but bonding difficulties have been 
experienced due to the differences between the coefficients 

of expansion of the two metals. The alloys mainly consist of 
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85 - 95 % aluminium, 6,5 - 8.0^ tin and other constituents viz. copper, 
nickel, cadmium in small percentages. 

3 . BONDI NG CKA-jRAGTEfll^TICS AkP glGNlflCAMCB 

The bi-metallic bearing is a means of supporting a shaft or 
other moving part. The composition is such as to cause minimum amou 
of loss of power by friction in the bearing. The motion of one piec 
of machine relative to another may be in a straight line or it may b 
rotary or oscillatory. Some type of material are more easily 
compressed under load than others and therefore it is essential 
to choose a metal hard enough to stand up to the pressure likely to 1 
put upon it and at the same time to give it a backing sufficiently 
strong to prevent undue yielding. In any bearing there is always 
friction and therefore certain amount of wear takes place. The 
use of lubricants reduces the coefficient of friction. Moreover 
it is essential that the adhesion between the bimetals shall be 
as perfect as possible. The incomplete adherence of the two 
bimetals may leal to the following main consequences i- 

3.1 HOT BSaBIMGS ; In case of bearings having white-metal 
lining it has been seen that a major cause of hot bearing is due 
to Incomplete adherence of white metal lining to the body of the 
shell, partly this may be due to the shrinkage of the white metal, 
but more often it is due to careless tinnin&df the shells before 
metalling, thereby resulting in an inadequate bonding. The spaces 
left in this way between the shell and the lining become filled with 
oil of which the thermal conductivity is many times less than 
that of the white metal. Thus tha heat generated in the bearing is 
dissipated to the shell by conduction much more slowly than if 
good metallic bond exists. 
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3.2 SEIZING Qj* BBARIKCrS : The phenomenon of seizing is the 
usual result of a hot bearing. The bearing seizes not when the film 
ceases to exist but when the stress on the lubricant oil reaches 

a limit which is a function of the viscosity and other properties of 
the oil. In addition to the oil, the material of which the bearing 
is made and the adhesion between the white metal and the shell are alsc 
important factors. Seizing of the bearings usually -occurs due to 
warming up of the bearing housing. The bearing metal expand 
at a rate different from that of the journal or shaft which does not 
get heated to the same extent owing to its far greater mass and ' 

greater heat dissipation. This would lead to excessive heating 
of the bearing and will lead ultimately to the melting of the lining. 
The extent of the damage may be limited by choice of the bearing metal, 
bond strength and mechanical properties of bearing surface. The prese- 
nce of bad bond will offer lower conductiisrity and hence may cause 
serious problem. ; 

3.3 aiEARING Or' BEABING M ETAL: The shearing of bearing i 

metal takes place if the strength of the bond is not adequate. 

If the shearing forces exceed the strength of the bond it breaks down 
and seizing occurs even though at the time of the breakdown 
the oil film is of appreciable thickness. The faulty adhesion is 
Dne of the main reasons for cracking of the metallic lining, 
inca a crack has formed oil gets beneath the metal ond seems to act as 
i lever to remove further sections and so reduces the amount of metal 
idherent more and more. Tne cracks generally begin on the surface 
ind work downwards but they do not necessarily pass throiigh the 
letal to the base shell. Cracking of metallic lining results 
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due to the lack of adhesion and hanca it is essential that the 
'adhesion between the white-metal and the shell shall be as perfect as 
possible. To rely mainly upon mechanical anchoring devices such as 
dove tails and pegs is unwise as these are difficult to tin properly 
End sooner or later fail to function as they should. Instead 
greater care should be taken with the Winning operation followed by 
adequate quality control measure by non-destructive testing. 

4. QF METHODS FOR EVaLUATIuIM uF BOND CHAMCTERI5TICS 

The methods for testing of bonds in bimetals can be 
classified as 

(a) Destructive tests 

(b) Non-destructive tests 

4.1 DBSTPJJCTIVB TBST.S :- Bond suitability for the intended 
application can be assessed by testing tha bond under the specific 
■stresses and conditions encountered in actual service. In order to 
determine the maximum bond performance these stresses are increased 
to tha point of bond failure. These tests can be applied for spot 
checking a certain percentage of bearings. The test specimen has 
to be made of the same materials and with the same type of ;]olnt 
structure as the assembled product for which the bonded 
component is intended, 

4.2 „ T J.^1>T.ir. Non-destructive testing is an 

integral and important part of curiTent expanding activities in 
nateriais technology. Testing bonds by non-destructive methods 
Is particularly suited for quality control and inspection. The 
nethods ares- .,,9 





4 . 92,1 TAPPING iVIi^HDP ; - This is probably tha oliast form of nor.- 
dastructive test applied to any matal-to-matal fit, it tapping 
hammer is struck lightly against tha component and the resulting 
tone is analysed by ear to detect the tone differences. 

Inadequate bonds give a hollow sound. The result of this inspection 
method varies widely from inspector to inspector and from day to 
day aepending upon the ambient noise level, attitude of the 
inspector, internal structure of the bonded assemblies etc* 

This technique has been refined somewhat by the 
Introduction of a sclenold-operated tapping hammer, used with 
microphone pick ups. The signals from the pick up are either 
transmitted to the headphones of the operator or the signals 
analysed for the amplitude and frequency components of the tone 
generated by the iaammer. kith both of these methods corelation 
is difficult because of wide scatter in information and none 
of thesd can detect voids which are very small and covered by the 
thikkness of the adherent. The method is generally regarded as 
a rough checking method. 

4.2,2 Rk5I^TI \7IT i~ MM^HfiMMT S i - The method is based on the 
measurjment of resistivity at different locations in tha component. 

A moving electrode head enables four co-linear points to be 
brought into contact with the flat surface of the specimen. The 
outer two electrodes carry a small measuring current and the 
inner two electrodes meter the appropriate potential difference. 
Although the current flow in such an assembly is not liner Valdes(l) 
has ccmputed the form of variation of potential and current for 
various probe spacings and resistivities of material and from the 


• . . • 10 



experimantal results resistivity can be calculated. The 
electrode assembly is traversed along or across the bearing 
surface to check the variation of resistivity with distance. The 
bond evaluation suffers from the disadvantage that resistivity 
also varies with impurity content and non-uniformity in thickness 
of the bearing metal. A variation of impurity content or 
inadequate bend may be examined in this way and a major change of 
value occurs over a short distance may indicate a major fault 
or inadequate bending. The method can be used for a rough esti- 
mation of quality of bond. 

4.2.3 ULTRASONIC MJSTHQD3 ;- Ultrasonics is the technology 
of sound as applied to problems of measurement, control and 
processing, using sound waves having frequencies higher than 
20 KC/S. The application of ultrasonic waves is generally recog- 
nised as one of the major methods employed today In non-destructive 
testing. The technique utilises longitudinal, transverse or 
surface waves whose velocities are functions of the physical 
constants.-, of the material conducting the ultrasonic waves. 

The evaluation by ultrasonic method is based on transmission of 
longitudinal waves through metallic bonds and their subsequent 
reflection fran bad or porous bonds. Ultrasonic energy in the 
form of high frequency sound waves is introduced into the 
structure and its behaviour is analysed in order to have the 
evaluation of bond. By ccanparing recorded signals of good 
or defective bonds with those being tested conclusions can be drawn 
as to their quality. The technique has been dealt In detail in 
subsequent para. .**11 



4,2.4 OTHER Other non-dastructive tests include 

x-rays, Gamma rays, Infrared and. photographic Scanning methods 
to detect defective bonds. None of these however give a 
conclusive indication in regard to the evaluation of bond 
in bimetallic components. 

5, ULTRASONIC TECfflnOUS ROR TESTING OF I^dATERIAL 

Ultrasonic testing of materials makes use of mechanical 
waves composed of oscillations of discrete particles of material. 
The measurements an made with plane waves which originate from 
a source having a plane surface which vibrates with simple 
harmonic motion. When ths source vibrates in the direction 
of wave motion, longitudinal waves are propagated. These waves 
give rise to alternate compressions and rarefactions. The discu- 
ssion is confined to such vibrations, as these have been used for 
study. 

5.1 VlBRaTIoH l^aQUBL MTH LQNGITUDIML WAVES 

The model of a solid body can be visualised as consisting 
of many separate particles of material only if it is homogenous 
throughout and if it shows the same elastic behaviour in all 
directions. When the body is stressed by compression or tension, 
below its elastic limit, it behaves like a spring model i.e, 
the motion carried out by a small mass attached to a spring. 

The nature of this oscillation is sinusoidal, the path recorded 
as a function of time being a sine curve. 
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6.1,1 FRE£ VIBBATIQH MQPaL ;- The propagation cf souni wavas 
involves the generation of vibrations of the body > 111(11 
provides the source of energy and of the elementary particles in 
the medium through which the waves are passing, although these 
vibrations can take one of a number of different forms, in nearly 
all cases with v/hich w© shall be co-ncerned they can be related to 
the oscillations of a mass, suspended from some fixed support 
by a spring having a compliance, Cm l.e, the displacement per 
unit restoring force. Free vibrations take place when the 
mass is displaced and then released to oscillate without the 
aid of any external agency; forced vibrations occur when the 
mass is caused to undergo sustained oscillations caused 
by some applied periodic force. 

Let consider the mass M, as in fig.l be displaced by an 

amount xo, such that the spring is strained within the elastic 

liinit, arKd then rileased,. The mass, in the absence of damping, 

will then execute simple harmonic vibrations with a frequency, 

fr » ^/2n , givc;n by the aquation: 

-Va 

wf. a (MCm)- (1) 


Tha equation of motion In this instacioe is: 

^0 C2) 


d2x X 
i 


dt 


2 


Cm 


Here, x represents the displacement of the mass at any time, 
t, and the solution to equation (2) is given by: 

X « xo cos (3) 
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where xo is called the displaceinent amplitude of the mass. 

In practice, frictional affects cause the motion to be damped 
and, provided that this damping is not too heavy, oscillations 
still occur but the amplitude decreases with time. For small 
damping the fiictional force is proportional to the velocity, 
the constant of proportionality being Bm, the mechanical 
resistance. Equation (2) can then be represented as 


M. 




.2 


dx 


dt 


4^ 


B 0 


(4) 


dt*^ Cm 

The frequency is lower than that given by equation (1) but the 
difference is usually negligible and can be ignored. To the first 
order, the solution to equation (4) iss- 

X ■ Xo exp.(-a*t) cos wj^t (5) 

w 

where a* = Bm/2M, 


This equation is represented in Fig.l as a damped harmonic 
curve having exponential envelopes. The amplitudes of successive 

peaks are given by X9,xl,x2 Xn at times 0, T, ST.... iff, 

where T d/fr, represents the time period and n is an integer. 

The logarithmic decrement, , is given by the expression: 

6 s a/T » BmT/2M (6) 


and it can be seenlhat 




^1 fx ^8 jj 

*8 3Eg, 


^ ..(7) 
xh 
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5.1,2 


M&BOI OF Fm^ VIBRhTIONS 


The total mechanioal anergy Mn of the vibrating systam 
at a givan time is givsii by 

I<Sn « i 

\GmJ 

where u = dx/dt represents the velocity of the mass. 

The first term on the right-hand side of equation (8) 
represents the kinetic energy of the mass and the second term the 
potential energy stored in the spring. In the absence of damping 
the Principle of Conservation of energy shows that Wm remains 
constant at all times. Differentiating equation (3) we get, 

u = Uq sin wrt (9) 


where Uq represents the velocity amplitude. 

From equations (3) and (9) , when x » 0, u ** Uq ^ and when 
u = 0, X - Xqj i.e. when the potential energy of the spring is 
zero the kinetic energy of the mass assumes its maximum value, 
ktuoS, and when the potential energy of the spring reaches its 

maximum value, j-f the kinetic energy of the mass is zero. 

\ Cm /■’ 


Henca , we have ; 

m = iMuo^ » i 

CjQl 

Where frictional losses do occur, the energy losses can be 
related to the logarithmic decrement as expressed by equation 
(7). Thus the fractional loss of energy per cycle is given by; 


- fe-l-Wh xn2 ^ 

■ out 1* I — .ggHMat-. i* .. - JL 

¥n«l 

where is small , 


exp. (-26 ) 26 ..(10) 
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6.1,3 ULTRai^^OMIC MSS QM BOUMDiiRIBa AT PiRPJMi3lCULAB INGIDSNCB 


In practicvi ^vary substance has its bound ary where the 
propagation of the wave is disturbed. If the material concerned 
borders on an empty space no wave can travel beyond the boundary 
because the transmission of such a wave always requires the 
presence of particles of material. At such a free boundary the 
wave will therefore return in one form or another in the form 
of reflection, whei*eas on a rough boundary scattering of waves 
will take place and the resultant reflection will be of compara- 
tively less amplitude. This forms the basis of bond evaluation 
by normal incidence of ultrasonic waves. To understand this, 
let us consider a beam of plane waves incident normally to 
a plane boundary which separates two media, 1 and 2, having 
characteristic impedances, Ri and R 2 , respectively. In general 
part of the incident sound energy is reflected back into medium 
1 and the remainder transmitted into medium 2, as shown below:- 


MEDIUM 1 

(Acoustic impedance R;^) 

Incident wave acoustic 
pressure 




MEDIUM 2 

(Acoustic Impedance R 2 ) 

Transmitted wave 
acoustic pressure Pt 

. 4 ., f ' 






Reflected wave acoustic 
pressure Pfe 


In the two media let Pi, Pr and Pt represent values 
of acoustic pressures for incident, reflected and transmitted 
waves, respectively, and Vi,Vr,ifc.d \rt the corresponding values 
pantccCfl. velocity. If the waves are sinusoidal in form and the 
■vvon-absorbent , we have: 

• . .16 
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( 11 ) 

( 12 ) 

(13) 


Pi = sin (wt - kix) - ViRi 

Pr = Bi sin (wt + k^x) = VrRi 

Pt - Ag sin (wt-kgx) = VtBs 

The symbols Ai, Bi and ii2 represent pressure amplitudes and 
ki and k2 the wave numbers, 27 C^ lor the two media, x is positive 
in the direction of the incident beam. In equation (12) the change 
in signs appended to both x and R^ indicates that the reflected 
wave travels in the negative direction of x. 

At the bcimdary, the following conditions must be satisfied 
at all times; 

(a) in order to preserve continuity, the pressure at the 
boundary must be the same on both sides, 

i.e. ; Pt - Pi 4 Pr (14) 


(b) particle velocities normal to the boundary must be equal 
on both sides, otherwise the two media would no longer lum^in 
continually in contact with one another itt'e. : 

Vt = Vi-4-Vr (15) 


In order to knew, at the bonindary, 

(i) The Reflection coefficient Acoustic intensity of the ' 

iicoustie intensity of tha. 
incident waves ■ 


(ii) Transmission - 

coefficient 

let us consider at boundary i.e 
(14) and (16) become 


Acoustic Intensity of the 
transmitted wave 

Acoustic intensity of the 
incident wave, 

when X * o, the equations 

....17 
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k2 » 

& El Ag = Eg Ux ~ Bi) 


Thus 


Pt 

Pi 


2E, 


1» 


Al 


Rl+Rg 


-and 


Pr Bi E 2 -El 


.... (16) 


(17) 


Pi ill Rl'PRg 
Th3 accustic intensity is propcrticnal to the square 
of amplitude, so from the above relationships, we can represent 
Reflection coefficient ^r and transmission coefficient'^^'-'T as 
below: 

Reflection coefficient » OCr 


\Ei*i-R2 y 


(18) 


& Transmission 
coefficient 


r . e<. t = 4 R 1 R 2 


(Ei-4*R2)^ 

The equations (18) and (1©) show that, where Rq 


. . ..(19) 

and E2 


are equal, reaches its maximum value of unity and becomes 
equal to zero. These are ideal cases, but, in practice, good 
acoustical coupling between the media occurs when Rq gnd R 2 


have values of the same order of magnitude, i.e. the value 
of^l(^ lies between 0.1 and unity, A poor degree of coupling 
is experienced when the .orders of magnitude of Rq and R 2 
differ considerably. 



5.2 


PUL^E miiNIQUE FOR ULTRiiSQNIC T.SSTING OF MATEBIAL^ 


The pulse technique, in its simp3.8st form, 

consists of sending a short train of sound waves through 

the material and subsequently receiving the waves. The waves 

may be sent by transmission through the specimen and received 

at the other face or transmitted and received after pulse echo 

reflection from the boundary of the material or from a defect. 

For the transmission method the receiver is placed at a measured 

distance from the source but for the echo method a reversible 

transducer serves as both source and receiver, a reflector 

being used to return the pulses. The speed of soimd in the 

meditim is then determined from the time of travel of the pulse 

2 3 

over a given acoustic path length. Firestone ’in 1940 
was the first to recognise the importance of the pulse echo 
method for ncn-de struct! ve testing, particularly for the 
location of flaws. Subsequently the technique gained 
importance and increasingly used for non- destructive testing. 

5*2.1 PRII^CIPLE OF THE TSCHNIQUB :- In this, the ultrasonic 
waves are transmitted into the material under examination, by 
excitation of a piezo-electric crystal. The frequency of 
vibration normally used is 0.5 MI /Sec. — 10 MCJ/Sec. 

The crystal or "probe" is coupled to the test material by a 
film of oil, water or grease and can be made to send the 
waves, at normal jtocidence or at any angle so that it can be 
used to detect the flaws. The transmission is not continuous, 
but is pulsed, sc that in the period between the pulses 

the crystal can be used to detect the return of waves which havi^ 
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been reflected from the defects or boundary lying in the 
patn of the beam. The waves are converted into electrical impu- 
lses and displayed as signals or echoes on the screen of a 
cathode-ray tube. The ultrasonic flaw detector provides 
this facility, 

5.2,2 mi£MMT FOR THE PULSE TECHMIOUa The ultrasonic 
flaw detector consists essentially of an oscillograph with the 
correlated generators for the deflection voltages, the 
transmitter unit and the amplifier. The Electric voltage 
pulses of the transmitter are supplied to the probe through a 
test cable and return, after reflection, to the instrument 
where they are amplified and displayed. The simplified block 
diagram for the type of instrument used is shorn in fig. 2. 

For most applications the echo method employing a single 
reversible transducer is used but sometimes, for example 
when the medir*m is highly attenuating, separate transmitting 
and receiving crystals are placed at opposite sides of the 
specimen. 

The instrument is operated by means of a trigger which 
activates simultaneously the time base control and the pulse 
generator. At the same time a signal is passed via the 
amplifier to the Y-platos of the cathode ray oscilloscope j a peak 
A, thus appears at the left-hand side of the screen. Triggering 
occurs at regular Intervals with a frequency which may range from 
about 50 to 1,000 c/s. Where a frequency of 50 c/s is used 
it is common practice to use the A.C. mains as a trigger. 
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The transmitting crystal is excitei at one of its resonant 
frequencies by ni®aas .of the radio-frequency oscillator, the 
output of which is controlled by the pulse generator. In this way, 
intermittent trains of ultrasonic waves are propagated 
through the sample. These waves are, in due course, picked up 
by the receiving crystal and the induced electrical signals 
are amplified, rectified , and fed to the Y-plates of the 
oscilloscope to give the peak, B. Because of the time delay due 
to the sound pulse travelling through the solid, the peak, B, is 
displayed further along the time base. Since the time-base 
frequency is synchronized with the pulse repetition frequency, 
the peaks, A and B, remain stationary on the screen, itiere the 
time base is calibrated, the time taken for the pulse to travel 
through the specimen is determined by measuring the distance 
between A and B. The speed of sound is then obtained by divi- 
ding the measured value of the acoustic path length b. y the 
time obtained in this way. The time base may be calibrated either 
by feeding a signal from a standard frequency source to the 
Y-plates of the ‘ oscilloscope or by sending pulses through a 
material for which the velocity of sound is known. 

The attenuation is obtained by measuring the 
relative heights of the peaks, B, for different path lengths. 

The path length cannot be varied continuously for solids but 
if the time base is contracted sufficiently, a number of 
equally spaced peaks of decreasing heights, each representing 

a consecutive reflection, will be observed. This is called the 
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multipla-acho mathod. Ideally, tha peak height should 
decrease exponentially with distance in the same way 
as the acoustic amplitude as shown in equation (7) and 
the absorpition coefficient thus obtained from the logaritJimic 
decrement of the peaks* 

6. BKPERIJ^TAL PBQCBDIJRB 

6.1 .SA MPLE PREPARATIO N 

6.1.1 The experimental work was carried out on the bonded 
test plates having base plate of bronze ^^ith a top lining of 
antifriction metal. 

Bronze conforming to IS 1458-65 Class V " Specification 
for Railway Bronze ingots & castings” was melted and eight 
number of base plates were cast. The plates were machined 
to size 150 X 100 x 25 mm with plane parallel faces. 

The drillings from a cast plate were analysed. The 
composition is as be low: - 


Copper 

- 80,5^ 

Lead 

- 5,46^. 

Zinc 

- 4,5^ 

Tin 

- 6,85% 

P 

- .032^ 

Sh 

- 0.18^ 


6.1,2 Circular test blocks of bronze and antifriction 

metal as in Fig. 3 were also ca'st and machined to 25 ram 
thickness for standardisation cf test procedure and 
measurement of velocity of sotini waves. 
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6.1.3 Tha basa plates, free from Jiafacts, were tinned and 
white metalled on one of the machined faces. The places, 
where bad bonding was required, v;ere coated with refractory 
coatings. The procedure adopted was:- 

(i) The base pistes were preheated to a temperature 
280*^-300^0 and fused flux mixed with water, was 
coated on the machined surface. Tin solder as 
commercially available was rubbed over the 
surface with fluxing the surface as and when 
required, so as to achieve a uniform thin tin 
coating. The fused flux, used was of the 
following composition; 

(a) Zinc chloride - 8 parts by wt, 

(b) Sodium chloride - 2 parts by wt, 

(c) Ammonium chloride- 1 part by wt, 

(ii) The above process was repeated at places where 
lower tinning temperature gave rise to a non- 
uniform streaky appearance due to excessive 
accumulation of tin, as it would have effected 
the bending desired, 

(lii) White. metal conforming to IS 26 grade 6 

•'Specification for Antifriction Bearing Alloys", 
was melted and the lining of base plates was done 
in a metal ^ig, fabricated from mild steel plates. 

The lining was done keeping the plates In horizontal 
position. During pouring of the white metal, care 

was taken that no dross went with the metal into 
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the lining to give undesired defects. 

The chemical analysis of the white meSal 
as analysed was 


Lead 

- 72.4^ 

i!n 

- 0 . 86 JS 

vSb 

- 

As 

~ l, 0 >t 

Cu 

- 0.7% 


6.1«4 The thiclmess of the white metal llnigg 
plates was kept 5 mm. The six plates were given the test 
sample No. & F. The zones in each plate were 

marked as A-1,A~2 to F 2 , F 3 

The dimensions of the test plates and marking of zones for 
test purposes are shewn in fig. 4. 

6 , 2 FLBCTRICAL RiiiSIACCI VI TY M I&WJBF.i\ lENT 

6,2ol The measurement of electrical resistivity 

characteristics of bond was done using the "Bondmeter 

Mark 3” manufactured by M/s Hoyt Metal Company, U.K, 

The equipment can be used with antifriction whits 

metal upto 10 mm thick and consist of (a) Four electrode 

surface probe (b) iimplifier (c) Ammeter (d} stabilised 

power supply (e) Probe current and meter setting controls. 

The principle of operation is based on what is knwwn 

as the ’’Surface Probe technique ” whereby a current is 

caused to flow between two electrodes placed on the 
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surfaces of the material under test and measurements 

are made of the potential difference at two other definite 

points using two other electrodes. 

6.2.'2 The tests were conducted in different zones 
on all the 6 plates. The following procedure was adopted 

(i) The white metal surface was cleaned by petrol to 
remove oiljdust etc. 

(ii) The reference standard bonded plate as supplied with 
the equipment and having markings of good and bad 
bonds -was also cleaned similarly. 

(iii) The zero position of the meter needle was set using 
Meter setting control. 

(iv) The electrode surface probe was kept in contact 
on the reference standard plate and having a bad 
bond at "position X" marked thereon as shov/n 

in fig. 5, The meter reading was set to marlmum 
i.Q. 10 divisions by adjustment of probe curient 
control, depending on the thickness of the white 
metal examined or alternately set the needle to 
1 Div. of the scale, with the probe kept in contact 
over the good area, 

(v) The probe w<as traversed over the bonded plates 
in different zones, as shown in fig, 6, and 
readings recorded as given in ^Snnexure I. 

The defective areas caused the meter needle to 
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Fig. 6 ELECTRICAL RESISTIVITY MEASDREMENT OF BONDED 
TEST PLATE HAVING A DEFECTIVE BOFD, 
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move beyond 5 Divns. to the right hand side. 

The difference between readings at different 
places on the plate was calculated to get a rough 
estimate of voids and oxide layers present in 
different zones. 


6 . 3 MBASUBM fi NTS BY ULTRASONIC PUL.SE jgHQ TECHNIQUE 


The experiments were carried out using the ultrasonic 
flaw detector type "UFBG?" manufactured by M/s Electronic 
Corporation of India Limited, Hyderabad. Longitudinal wave 
probes of different frequencies and diameters were used. 

With a view to evaluating degree of bond the following 
study and measurements were made in sequence 

I. Measurement of Bef lection & Transmission Coefficients 
on white metal/Bronze interface. 

II, Study of ultrasonic pulse echo reflections, 

measurement of quotient of back reflection to bond 
reflection and corelation with electrical resistivity 
measurements. 

III. Study of Multiple echo reflections from bond in. 
between white metal/Bronze and white metal/steel 


6.3.1 


bearing shells. 

MTMJRBMiSNT Of .R.h. fT.BCTIUM & TRAM MIS^M 

LCJHiNiTS ON WHITE METAL/BRaBZE Il T,gTtL4CS 


The acoustic velocity of longitudinal waves is related 
to the material properties. In order to measure Reflection 
& Transmission Coefficients on white metal/Bronze interface 



as expressed ±1 equatirr.s (18) and (19), it was necessary to 
find out the acoustic impedance i.e, product of density & 
velocity of sound of the two materials. The usual method 
for measurement is by using an Interferometer and precise 
reference blocks, permitting acoustic velocity to be measured to 
an accuracy of 0.1/?. In absence of the above accessories and 
because this degr?ee of high accuracy was not requiied, measureme- 
nt of acoustic velocity was made by Immersion Technique"^ 
using the ult-^a sonic flaw detector and a transreceiver 
normal prob 5 of f .cvjquency ‘Z^5 fH/ii dc dia 20 mm as shown 
in fig. 7. "'■'he method d'rect reading of acoustic velo- 

city on the screen of the equipment. The procedure was as 
bol cwr 

(i) The circular calibration test block of bronze was 
at tbe base of the glass tank filled with water. 

(ii) Tbe probe partly itmnersed in water, was then posi- 
tioned. 07, r th.ff: tost block, so that its central beam 
was at r'.ght rcnglos to the top face of the block and 
bottom, of the tank„ 

(iii) The probe was connected to the ultrasonic flaw 

detocroie^ The Material, ft-j.iizontal & Delay (Fine) 
cord-i'-^ols ad''\isteo c-o that the reflected echo 

from the wate:'- t3st v; lock v/as on the zero line of the 
scale, the J'i.":>i; ^nho from tho backwall of the speci- 
men was set on scale division 3.0, the second & third 
multiplo reflections were on scale divisions 6„o and 
9.0 respectively, as shown in fig, 8. 
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(Iv) Th9 test block v/as removed from the tank & 

the scale division of the echo received, from the 
bottom of the tank was noted. The numerical value ■ 
of the acoustic velocity was (0«5 x No, of scale 
divisions) x 10'" m/Sec. The basis of this method 
is given in de>:..;ll in Annexure-II. 

(v) The exper:me.nt was repeated usj.ng the white metal 
test block and the acoustic velocity was deter- 
mined. 

The acoustic impedance as calctilated for the 
Bronze & white moral used for the experiment are given below: 

T ABLE i : I^CO UST IC IMPmNCE OF B RONZ E & W HITE MSCAL 


Number Acoustic veH.ocity Density Acoustic 

Material Impadanoa 

Davs. X 10^ m/bea. 

BftUil'ZIi; r>,l 4.50 8,35 40.05 

WHITS 

METaL 4.9 9 0-5 11,8 28.9 


The Reflection vrl Transmission Coefficients at white 

metal - Bronz ) interface i.e, when the ultrasonic waves are 

transmitted .’‘'.’om vh.lte metal to bronze backing plate, are 

Reflection 
Coefficient 


/ B2 •"'^1'^^ 
V -V R'-i / 


rJ4.0oQ^ -28,9 
V40,0/>bB8.9'~ 


» 0.026 


Transmissi onij(Ct.r 
coefficient 


4.R1 *(B2 »" -‘i X 38«,9 y 4 .0^ 0^ 

(40.05 -V 28 


0.973 


«< « « 
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The values of Is 0.973 /i of pCyIs 0.026 
ill J-i- eating ohat. a fairly good acoustical coupling betwaan. 
white pietal - Bronze will occur if bonding is good. The 
reverse i.e. Ijransniission oC acoustic waves fron Bronze to 
white motal will not be good as value of reflection coefficient 
will be “ 0.026. The negative sign indicates the 
reversal of the phase relative to the incident wave„ 

In case of a bad bond v;hen there is a void or 
porosity, a boundary with air exist at intvsrface. 

lir has a very low acoastlc impedance of 0.0004 x lo\g/m^s 
so that for the interface whit a metal to air the coefficient of 
reflection differs frcjji the \,';-!ltie 1 only by approximateljr 
1 X 10* ^ hence at tl\o interface reflection would take 
piac.? from a bod bond. 


6 , 3.2 


■oj, “ -- 




'’INTAL i-fRTHOOS FOE 0jJALITI_KVlLUAtIOJLOF 
\) 1-0 it huihv'/ Biha .lOiTlMTIUW 


6 , 3 . 2 „ 1 

The o-'aluation of bond characteristics by 
ultrasonics can be carried out by following any of the 
methods given bolov/ depending on the thiclrness of the anti- 
friction motal lining and material used for the backing plate; 
(i.) Evnluatlon jy pulse echo reflection using normal 
probes, prof -•■‘•-y combined Transmitter & 

Receiver type and of fre'^uencies eiiited to material 
under test, by direct contact ^^rith the test plates 
using 0.11 or grease as a couplant. 
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(ii) Ex'Eluation with normal probe by multiple reflection 
technique. 

(iii) Evaluation with normal probe employing gap 
scanning and the immersion technique. 

(Iv) Evaluation with two normal probes of same 

frequency, but of different diameters, by the 
transmission-immersion technique. 


The rnJthcds of evaiuatlon as given in (i) and (li) 
above were followed for the experiment using a combined double 
probe with a suitable perspex mounting with a view to 
avoiding t h i ievSd-zone of the transmitted pulse, 

6 , 3 , 2 . 2 ME'itiyiBS. 

In crier to preSvjrve continuity of transmission of 
u 3 trasor.ic waves, the acoistic pressure at the interface of 
metallic bond must same on both the sides as giv^en in 


equation (3d3 and honor tin; reflected acoustic pressure is 
proport iona? to the ampinuio of the reflected echo appearing 
on the screen. This fact has been utilised for the 


measurements* 

pa order to avoid the influence of surface condition 
on acoustic transmission efficiency, the white metal probing 
face was a3 ready machined earlier. Since the composition 
and internal structure can influence acoustic attenuation 

in p.Utos b-^nci tha steniari test ilocks of same composition 
as i.sjJ for tort plates «ers oasted and machined for 

time- scale calibration. 





?•.. P.-3 K 5gLBCj^ pNiS . M E&..3URBM:^IT OF THE 

Mli'H BLECTiyiT:X'r' R^'f^rTVTTv 


Tl:j i'*.;.. ,’i' -Hg w^s cs.rr-.tjd out ac in fig® 9 frosi vjli.its 
rii.Jtal foe-;:, on all the ninety zones of the six test 
p;’-''t.-'s. i' c^.mb.'.ned normal probe with perspex mounting was 
na.Jd for th) experimc'nt. Tiio crystals %'ere lead a.li-’con.'xto 


titanato of 2,5 IC/ijec. and 15 mm dia. The couplant used 
was oj;, d.iE--l 9 . IVUere there was rough machining 

marks or depressions grease was also used. The test 


proced- ro followed was as he low; - 

(i) Th-' time base was calibrated using the test blocks 
of metal & Bronze. The calibration factor for 

the two metals was used for setting of back reflection 
from bottom of the bonded plates & for study of 
reflt'cfed echr.S'fifrom the bond,. 

(li) Testing was carried out, at 2-3 locations in a zone 
so as to cover the area. The maximum amplitude 
of reflections as obtained was recorded, 

(ill) The ultrasonic rjflecticns as from nones A-8, A-12, 
B-10, C-9 and E-7 consisted of an initial echo from 
perspex/white metal interface and a back echo 
representing the back surface of the test plates, 
Indicating a good bonding between white metal- 
Jronze. a typical trace pattern as obtained is 


steown In fig, 10* 


# o 0 
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ur lii’i good locations 


V -i.v i 1 1'j do was sot 0^.1 any 

and back ocho h.aight was sot to 4 131 visions of 
vortical scala by adjustment of gain control. 
The rojoct control was adjusted to get a clear 
trace pattern. 


(v) Ultrasori.1 c r.-'floctlons as from zones ik,*3, a~ 14 j, 
o-d, and }J«1I? indicated flaw echo near to the 
'"Itiaj v^chn and also effecting the amplitude 
I'f the brick echo, as shown in fig, 11, 

The rv.'lative amplitude of back echo to flaw 
ocho was recorded and quotient determined for 
the zones as in Annexure-III, In a few cases 
it was observed that rotation of the probe 
along its vertical axis and variation of pressure 
on the probe effected the height of signals. 

Ihe reasons can be due to non- parallelism of 
the tvro surfaces or due to bad contact of 
probe on the scanning face. In such cases, 
rtrlrnim height observed aras recorded. 

(vj) Ultrasonic reflections as from B-11. C-1 
to C-3, C-13, C-16, and B-2 gave rise 
to a prominent flaw echo with multiple 
reflecticfis due to presence of a very bad 
bonding. It can be seen from the fig.^ that 
was a complete absence of back echo 





C vli) 


tn4.i gating n clear saparotlon between white 
bor.rinj raeta]. duo to the presence of air and 
inter! ace or due to the skiniiiiing that might 
gone into the antifriction metals 


metal- 

at 


have 


Ultrasonic testing of zones e.g. D-S, D-IS, E-S 
and F-10 shewed scattered reflections at higher 
gain setting c ' the instrument and did not indicate 
any bond ecl.o, though the bond was tested to be 
bad by elQctrioal resistivity measurement. 


(viil) The test plates C,J and F were cut to ascertain 
the findings of ultrasonic observations and 
correjnting with resistivity measurement, 

The quotient of back reflection to bond 
reflect ion when compared with resistivity 
mcasuremont is also shown graphically In fig, 16, 


6.3.4 STUDY UF MU LTIPLE SCHU Rig LBCTIO NS FRO M BUNDJ;N 

a :.hl l’..v Khi'/.h-h h oMki; iiNd M ilT h-MBTkL -STEEL 

i'. 


The tests v/ere carried out by using immersion 



technique. 

( a ) k J;l Ti> hh TkL- BhOUZ:; B KABIHG 3 ; - 

The testing was carried out using the combined 
normal probe of 2,5 MC/Sec* and 1,26 MC/Sec» from the 
*«!hlte metallic side* It was observed that even with 
full gain settings of the equipment, a number of 
multipla reflections of well defined slope cou3.d^not 





ho c This a^.n attributed to presence of 

Int 'rna.l ilutucgs in bronze backing plate, coarse grain 
structure of casting and due to high degree of dissi- 
pr.titn or ultrasonic waves during multiple reflections 
in hronoe bearing plate, 

Cb) y!iI T:<M« l'>U .--ST£EL Ba/llIKG SHULLS 

The bi.n'iring having a white metallic lining of 
mm r.ni having steel shell of JbO mm T-/as tested from 
steel rac«) using a normal combined probe of 5 Ml/Sec, 
ii gt 0 h:;ii pri^iuced a saquanca of echoes with a 

.i«.oivrient of amplitude as shown in fig, 13 while 
bad landing produced an irregular trace pattern as 
in f-lf.M. The mlcrophotograph of a bad bonding 
*it i^ntlfrlctlcoi motal « steel Interface is shown in 
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Fig, 9 UL!HRA*SONTC w^'CANlMING OF A BONDED TEST PLATE 
BY PULSE ECHO ahl.,'LE';T;i;ON TECHNIQUE USING 
ULTRASONIC DETECTOR. 


) 



Fjg. 10 0c.GiLL0C-P..AM, SWING IMTIAL ECHO AND BACK ECHO 
EilOM A HOMOGENEOUS BONDING » 




Fig 12, OSGILLOC-PAM PIIOWIHG PUW ECHOFS WITH .4BSENC.E 


OP BACK ECHO FBCM A 1?ERY BAD BOHBIKG, 


Fig. 13. MULTIPLE KEFLECTIONS SHOWING A CLEAR SEQUENCE 
OF ECHOES FOR A HOMOGENEOUS BONDING, 



Pig. 14. MULTIPLE PEPIjECTIONS SHOWING DISCONTINUITY 
OF ECIiOES FROM A EtP BONDING. 






Fig, 16 MICBOPHOTOGEAPH OF A 

at antifriction MRTAL - STTiKL BFACs< 




7. J~SCU.£ols.iN.d <& GON0LU5M 

7„1 ^■#9tec-...iorA ?nd evaluation of bonding become easier 5f 

reflection and transmission coefficients of the materials used 
in bearings or clad plates are known, when the ultrasonic 
waves were transmitted in White metal and Bronze standard 
test blocks the transmission and reflection coefficients were 
found to be 0.973 and 0 o26 respectively, dlxpressed as 
percentages the reflected wave has 97.3^ of the acoustic 
pressure of the incident wave and the transmitted wave 
2.6%. In practice, these percentages may vary depending 
on the chemical composition, structure, presence of internal 
defects, and on acoustic anistropy of the materials. Ultra- 
sonic testing and subsequent metallurgical investigations 
of zones C-7, D-5, i)-8, D-13, J)-15, i?’-3, F-9,10 and F-14 
indicated scatter of ultrasonic reflections, The degree of 
dissipation of ultrasonic waves depended on the. extent and type 
of voids, Inclusions present in the cast metals,- 
7,2 The bonded test plates and bearing shells 

with white metal lining of thickness 5 mm and 1.6 mm 
respectively when tested ultrasonically by direct contact 
and immersion testing methods indicated that bearings having 
antifriction lining of thickness 4-5 mm can easily be 
tested by the former method using a double combined normal 
probe dth a matching perspex contact shoe. Thin lined 
boaringf can be tested affectively by immersion testing 

by normal pulse echo reflection or by Multiple Bef lection 

' ...36 
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Tccrnlquo. ThJ sa lection of frequency of the probe 
depcnrioi: on the material of antifriction metal lining anq 
base motal. The experiments Indicated that probes of 
frequency 2,6 MC/Sec. and 1,25 MC/^ec, are well suited 
ior bearings having bronze backing. Flaw detectability 
was good with the use of probes of 6 MC/Sec. for bear-’n 
having steel backing. 

7„3 The equipment for bond testing should have good 
sensitivity and high resolution. The test equipment 
efficiency should be assessed by combined performance of 
01traso.nlc Flaw Detector and Probe. The equipment used for 
evaluation of bonding should have good ''Sensitivity" 

" iio coelution" . Sensitivity is the measure of ability of the 
tost equipment to detect flaws, based on the size of the ' 
defect detectable and the height of indication obtained. 
"Resolution” Implies the ability of the test equipment 
to display clearly on the screen the echoes from two 
reflectors located close together. The experiments using 
normal probes indicated that the equipment used for bond 
evaluation should have a good sensitivity and high resolution. 

7,4 The ultrasonic reflections and metallurgical 

investigations of zones C~6, D-S, D-10, D-13, F-io, f ~12 

and F-14 indicated that the bonding was found to be good 

whereas electrical resistivity measurements indicated 

presence of bad bonds. It was found that the base plate in 

* • « 36 



36. 


theso zones was having slag entrapment, blow boles 
and cluster of porosity, indicating that the electrical 
resistivity method for bonding is better suited for thin 
bearings ani clad plates free from material defects,, 

7,5 The qualitative or quantitative evaluation and 

estimation of boni can be done by finding out quotients of 
back to bond reflections. The experiments and comparative 
exam .nations of zones by electrical resistivity 'and 
ult:,r, sonic measurements have indicated that the greater 
the qiK^tlont, more hcmog-gcioous will be the bend. 

The "surface conditions" of the test surface influenced the 
transmission of ultrasonic waves in the material while the 
"internal structure", micro and macro influenced the acoustic 
attenuatlcn of the material. Both factors threw of off a few 
results considerably. 

The experiments indicated that the quotients, have 
to be determined for combination of the material used in the 
bearings or clad plates to arrive at acceptable and 
non-acceptable limits desired from service point of view. 

The correlation of quotients with electrical resistivity- 
values in case of vfhite motal-Bronze bearing plates Indicated 
that quotient 1«6 and above can be considered as acceptable 
bonding* 


....37 



The quotients can he precisely determined by 
immersion technique. The evaluation can also be made to a 
greater accuracy by using ideal reference flaws such as 
flat bcttcm holes of different diameters, notches and cuts 
in reference standard test blocks. The attenuation in dB 
can be related to amplitude of reflections. 

7fl6 The experiments showed that Multiple reflection 

tocliniquo was not satisfactory for thick and cast bronze 
backing plates in a bearing due to high degree of 
dissipation of ultrasonic energy. The technique is 
well suited for thin lined bearings and for bearings having 
steel backing shell. 
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ANN33KURE 

R.ICAIi_ RfiSIaTIVITY CH/iPACTSRISTIGS uF BONDED 

fiWSi-MT ZONES 

WO . A 

j:lO. RKS1.STIVITY VALUES IN DIVISIONS AT 
■LONIuUS LOCATIONS 

a b c d e 

bl 

plates in 

Zone location 

investigated 

A-l 

4,7 

2,7 

1.5 

5.0 

7.0 



3.0 

2.2 

2.0 

4.2 

5,2 


A- 2 

4,4 

2.6 

5.8 

3.5 

3.8 



4« 2 

4.0 

4.2 

5.0 

3,7 


A-3 

e .8 

4.2 

3.3 

3.8 

3,0 

A-3a 


6.2 

3. 1 

3.2 

6.5 

3,9 


A*«4 

6.2 

1.0 

2.0 

3.2 

2,6 



2.0 

1.2 

4.2 

2.2 

3.8 


A~6 

2.7 

3.0 

4.4 

3,2 

6,3 

A-*5e 


4.5 

5.5 

3.0 

2.6 

4,0 


A*-* 6 

3,8 

4# 8 

4.8 

2.9 

3c7 

<w 


3.0 

3.5 

4.0 

2.4 

2,2 


A- 7 

2.6 

3.2 

4*8 

3.6 

5.0 



5.0 

3.2 

4,5 

5.5 

4.9 


A-S 

2.8 

1.0 

4.4 

3,2 

1,2 

A«8b 


1.8 

1.8 

3.8 

0.8 

2,2 


A-9 

2.8 

2,4 

4.4 

1.8 ■ 

2.2 



0.8 

1,0 

2.4 

1.4 

2.6 


A- 10 

3.0 

4.6 

6.0 

2.8,' 

3.5 



2.2 

3.8 

5.0 

4.4 

4,2 


A- 11 

2.8 

3.0 

2,6 

3.6 

2,8 



2.2 

2.8 

2,2 

2.8 

3,2 


A- 12 

4.4 

1.2 

2,2 

1.8 

0.6 

A-I2e 


3.0 

luL^bwi 

1,8 

1.8 

0.6 


A-. 13 

3.0 

2.8 

1.7 

1.6 

2,0 



l.c 

1.4 

2.0 

1.8 

1,3 


A- 14 

6.0 

5.0 

1,8 

3,2 

4,6 

A-»l4a. 


5.8 

4,0 

1.2 

2,6 

2.7 


A- 16 

3.0 

2.0 

1,2 

1.7 

2,6 



1.6 

3,5 

2,2 

2,8 

0,8 












p t,aT.^ Ms l J?. 


fJOKB IIU . EKSiariVJTY VALUES IN UIVISTONS AT 

VaEIoUS LOCATIONS 

Zone location 
investigated 


a 

b 

c 

d 

e 


B-1 

4 • 6 

5.0 

5.0 

7.2 

8,0 

B-1 e 


7.0 

8*0 

6,6 

2.0 

6,6 

iJU 

B-.2 

4. 6 

6.2 

4.2 

4,3 

3.8 



3.8 

4# 4 

4^j^2 

4.1 

3,4 


B«3 

4.0 

4e4 

4,7 

3,7 

3.8 



rr o 

o* ^ 

5.4 

5.7 

3.0 

4.8 


B-4 

5,4 

2.7 

6,8 

4.5 

4.2 

B-4c 


4 # 

2.7 

4.6 

3.8 

4,0 

B~5 

4,2 

4,6 

3.8 

4.0 

4,4 

m* 


7.5 

5.0 

6.0 

3,8 

3,7 


B-6 

8.4 

7.6 

8,6 

9,4 

10.0 

B«6e 


3.8 

4. 6 

2.7 

3.8 

4,2 

B-7 

5.2 

4*4 

3,9 

5.8 

2.4 



3.8 

2.7 

3 

4.6 

2.9 


B~8 

3.6 

3,0 

2.4 

2,4 

2.5 



1.6 

1,6 

1.0 

1.6 

2.4 


B“»9 

3,0 

2.0 

2.0 

2,2 

2.2 



2.3 

2, 6 

2.4 

1.6 

2.0 


B-10 

3.2 

3.4 

4.7 

2.4 

2.7 

B-lOb 


3.8 

3,6 

3.9 

3.6 

2.9 


B"ll 

10.0 

10.0 

10.0 

6,4 

10.0 

B-llc 


7.8 

9.0 

10.0 

6.6 

8.2 


B-.18 

2.4 

6.2 

9,0 

10.0 

10.0 

B-12c 


5.4 

6,7 

7.0 

8.8 

10.0 


B«13 

6.9 

6.0 

6.8 

10.0 

10.0 



6.2 

4.8 

7.2 

8.8 

10.0 


B-14 

3,6 

3.6 

4.7 

5,5 

8.5 



4 #4 

4.6 

5.0 

9.8 

■ 10.0 


B-16 

4#0 

4. 6 

5.8 

6.0 

7,6 



7*4 

9.0 

7.8 

6,8 

4,6 




mSXUBS-I 




r.ji iii Nu, 

P.JiSI 

:m vaTY 
ViiHIuUS 

VAl.UES LN.JlIVis 
i LOCAl’IUYS 

IONS AT 

Zone location 
investi-gated 


Q. 

b 

C 

d 

e 


C-l 

8.6 

5,9 

6,2 

10.0 

9.0 

C-ld 


6,6 

8.0 

7,5 

10,0 

8.4 


C-2 

9.2 

6.5 

9.2 

6,9 

6,4 



8 • 1 

9.0 

8,5 

8*0 

5.2 


C-3 

10.0 

9.8 

9.7 

5,5 

4.8 

C«3b 


10. 0 

9.0 

8.6 

8,0 

6.0 


C-4 

4.8 

5,5 

4,5 

5.2 

6.0 



10.0 

10,0 

8.0 

6,0 

10.0 


C-5 

10.0 

10.0 

10.0 

5.8 

6,2 

*-# 


lu.o 

9,6 

9.8 

9.2 

6.8 


C-6 

8.4 

8.4 

6.0 

8.3 

7,5 

C-6b 


7,5 

7.4 

6.5 

5.4 

6.9 


C-7 

6.0 

5.2 

6.0 

4,4 

6,4 



6,2 

5.2 

3.8 

3,5 

3.4 


C-8 

4.2 

4,2 

4.5 

4.8 

5.4 



6.2 

5,8 

5.0 

6,3 

4.8 


C-9 

5.2 

4.7 

4.4 

3.9 

3.2 

C-9c 


6,2 

4.3 

6.2 

5.5 

6,5 


C~10 

4.2 

4.0 

3.8 

3.7 

2.8 

Ml 


7.4 

8*6 

7,2 

6,2 

6,7 


C-11 

9,2 

9,4 

10.0 

10.0 

9.2 



5.9 

6.5 

6.9 

7.8 

8.6 


C-12 

4.2 

4.9 

5.5 

6.0 

8,8 

Ml 


4. 6 

5,4 

6,7 

6,2 

7.0 


G-13 

5,2 

4.2 

6,2 

4.8 

6.0 

C-13c 


6.0 

4.0 

4,2 

5*0 

10.0 


C-14 

4r\ 

3# i 

6.3 

4,2 

5.6 

10.0 



6,2 

6.0 

3.8 

4.4 

10.0 


c-is 

4.2 

4.8 

6.0 

3.6 

8.9 

C-15e 


10.0 

7,8 

7.8 

8.5 

10,0 




I 
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■HAb.a.,'.TlVlTZ 7ALU.SS IN DIVIiilUNS AT 
ViihloUS .sUC^iTIuN5 

^ b ; d e" “ 

2 one locatio: 
investigated 

D-1 

7.4 

6„5 

7.2 

6.8 

R 9 




4.6 

3.5 

4.8 

4.4 

O o 

4„8 



D~2 

3,8 

6,0 

4.2 

5.4 

4.8 

4.0 

4.2 

4.0 

6,0 

3,2 

D-*2c 


D-3 

2.2 

4-6 

6.2 

4.9 

6.0 

4,6 

6.5 

6,4 

5,0 

6.8 



D~4 

5 a 2 

4.7 

6.8 

4,5 

5.4 

2.8 

6.7 

5.4 

6.0 

4.8 

- 


D-5 

10.0 

10.0 

10.0 

10.0 

10.0 




Cm' ’ 

r-» Q 

7.4 

6.6 

7.0 



D-6 

4,1 

6.4 

4.2 

4.8 

4,6 




3,S 

3.7 

4.6 

6,2 

5„0 



D-7 

4.9 

4*8 

5.0 

5.2 

5.0 




3.6 

4.7 

4.7 

4.5 

4,8 



D-8 

5.8 

6.0 

5,2 

4.8 

4.2 

«i*> 



4. 6 

4.2 

6.1 

6.2 

4 « 8 



D**9 

10.0 

10.0 

10.0 

10.0 

10,0 

D-9b 



4.8 

5.6 

6.8 

6.3 

lOoO 


D-lO 

5.f 

4. 6 

6.2 

6.8 

10.0 

D-lOe 



6.8 

4®8 

7.2 

8.4 

10.0 


D-11 

6.7 

6*4 

6.5 

7.9 

10.0 

** 



6,2 

3.9 

4.8 

6.6 

10.0 



D~1S 

6.0 

4.5 

5,6 

6, 1 

10.0 

D-12d 



6.0 

3.8 

5,6 

6,6 

10.0 


D-ig 

4.6 

6,6 

3.0 

4.0 

3.5 




3.2 

7,2 

2.0 

1.0 

7.0 



D-14 

2,t 

4.2 

6.8 

4.6 

7.0 

D-14a 



4.3 

4o6 

3,8 

6.0 

6.2 




D-15 


6.6 

7.2 


4i»8 

3.7 


2,9 

6.2 


8.0 

3.4 


6.7 

7.5 



MNMlRS=I_jiontl 


TS ST PLATE NO ^ 

Ilu. Hi<;:iliJTIVITY VALUBS^S^DIvisTON^'I^' 
Y^hl^HS LGC^iTlONS 


ZONi 


Zone location 



a 

b 

C 

a 

e 




6, 5 

4,8 

3.4 

2.8 



3.8 

1.8 

1.7 

4 e 9 

2.5 


S~2 

2.4 

3.8 

3 fc 4 

2.8 

4*0 



10.0 

10.0 

9.8 

7,8 

5,0 


B-3 

10.0 

10.0 

10.0 

7.8 

4.7 

E-3b 


4.0 

4.7 

4.0 

5.6 

2.6 


£-4 

2.6 

2.4 

4.0 

3.8 

3.0 



2.8 

2.4 

1.2 

2.2 

1.7 


B-6 

4.4 

3# 2 

4.2 

5.2 

4.2 



10.0 

10.0 

10.0 

10.0 

8.8 


E-6 


6,5 

7,0 

9.8 

10.0 



S»4 

1.9 

1.9 

2.0 

2.0 


B-7 

2.0 

1.8 

0.5 

1.2 

1.8 

E-7a 


2.2 

2.3 

3,4 

4.1 

3.2 


E-8 

2.4 

2.8 

2.7 

2.2 

2.6 



1.8 

2.6 

2.1 

3.0 

3.2 


B-9 

2.6 

3.0 

2.8 

3.2 

3.8 



2.0 

1.9 

1.0 

2.7 

4.0 


&-10 

3.2 

2.6 

2.5 

3.4 

2.9 

S-lOc 


6.0 

4.7 

4.2 

5.2 

5,2 


i3r*H 

3.4 

6,7 

10.0 

10.0 

10.0 



6.0 

2.4 

4.8 

10.0 

10.0 


E-12 

3.4 

3.8 

2.2 

6.8 

6.2 



6.0 

4.8 

4. 2 

5.0 

5,6 


E-13 

3.8 

6.2 

4.0 

4,4 

6.1 

... 


10.0 

1.8 

4.0 

4.0 

6.5 


B*14 

'.-^.7 

4.6 

5.9 

6.8 

10,0 

E-14e 


6,4 

6.0 

6*8 

6.2 

8.6 


E-16 

5.4 

6,2 

6.8 

6.2 

10.0 

m 


10.0 

10.0 

10.0 

9.7 

9,2 




ANNSnjR Hi- 


PLATS M O.F 

NU, RiiSTSTIVITY ViiLUiiiS IK JlVISMS^AT Zonriocation 

VaHtiiTTs i,C/(!MTJuKS luvestigat 3d, 



a 

b 

c 

d 

e 


F«»l 

1.7 

3.8 

2.0 

2,2 

4,2 



2,7 

3.2 

3.6 

4.2 

3,6 


F-2 

4.5 

3.9 

4„8 


4.5 



u # ^ 

2.9 

2.8 

1-7 

2.2 


F-3 

o 

3.8 

2.0 

2.4 

2.4 

F - 3c 


1, fc 

2.0 

1.8 

2.4 

1.5 


F-4 

>« 6 

3.7 

2.2 

4.2 

3.5 




2.8 

4.5 

6.0 

5.0 


F-S 

2.4 

4.5 

6.5 

7.0 

10.0 



4 # 0 

4.2 

4*2 

5.5 

6,6 


F-6 

5.0 

3.2 

4.0 

4.6 

3.8 



3.8 

4.6 

5.3 

3.8 

3.2 


F-7 

2.2 

1.8 

3.8 

2.5 

4.2 



3.2 

2,4 

2.7 

3,5 

4.8 


P-S 

3.7 

3.4 

3.2 

2,5 

2.7 



3.5 

4,2 

4.8 

5.0 

3.5 


F-9 

10.0 

7.6 

9,4 

9.8 

6.7 

F - 9c 


9.8 

9.8 

9.8 

10.0 

9.0 


F-10 

10.0 

10.0 

9.5 

10.0 

10.0 

F-lOd 


9.8 

10.0 

9.8 

10.0 

10.0 


F**ll 

5.6 

5.7 

4.8 

8.9 

10.0 

- 


6.8 

8.0 

7.8 

9.8 

9.9 


F-12 

2.2 

5.2 

4.4 

4.7 

8,6 

F - 12c 


6.2 

5.4 

5,8 

4.8 

8.6 


F"13 

6.2 

5,8 

5.4 

8.6 

9.0 

F - 13a 


6.2 

8.6 

8.0 

8,2 

10.0 


F-.14 

€.6 

8.2 

3.2 

5,2 

7.6 

- 


7.2 

9.5 

6.5 

6.9 

8.0 


P-16 

3.7 

2.8 

6.8 

7.8 

10.0 

- 


6.8 

4.9 

6.6 

9.6 

9.2 




MEAS^IRET'ENT OF /-rpuSTI C l^IiOCITY B Y 
IMMEP S ION T EGffllTQmi:_ , 


(1) METH O D OF MEASUREI€:NT 

The following method permits direct reading of acoustic 
vslor.C.iy of a material on the screen of the ultrasonic 
flaw detector. 

The specimen, which must be plane-parallel at one point, 
is placed in a trnk: of water. An immersion probe is 
then positioned so that its beam is at right angles to 
the bottom cf the tank. The probe is connected to an 
ULTRAOOKjC FLM>J detector ha^hng variable Scale 
Expansion. The instrument is then adjusted so that the 
echo from the wat.ir-specimen interface is on the zero 
line of the scplo (Fig 8 a), the first echo from the 
bpok wall of the specimen is on scale dixusion 3,0. 

A firo -division scale can be employed for acoustic 
velocities of loss than 5000 meters/sec. for direct 

If the r.nedmen .is removed from the tank the first 

echo received from t.ie bottom indicates the numerical 
value of the acoustic velocity as in fig. S (B)» 


Ac 01 


iptis; V jloc"' ty *•' 0 1>5 X No* of Seal® Divisions ■ . 


( 2 ) Ties ■ 


X lOWSec . 


' }The explanation is simple. 

If the timo taken for sound to travel through the 
specimen is % and to travel through the water column 

Cont.d .S/w 



- 2 - 


is tv then it r.an iy. written that 

"■.1 = V 
T- ji 
'V 

7^^ - aeons tic velocity in water 

Vm - acoustic valocjty in the materialo 

This nop.ns that the transit times are in inverse 

relationship to the associated acoustic velocities, 

Tl:uy. 



I>jb travisit '^Imos t, and t have the same relationship 

I'l 

has cij - toi cos ”■/' 

ThUi’oforo 


tp a 

h *■ 'p"* 

'W 

vc.h.ch ' ‘■■ns t’i'’t can be expressed as “ — 

b 

til a ^ 

If nc-,' the numerical value of v^ (appnox. 1500 or, 
to iK i.'xacb, 14S0 O ts taken for (a), then 


V,, •' h 


tlv, 


aay. -libc valnx ot, tbs scale read off for 


b rrnst '**00 to t’’'0 of the acoustic it is 

desired to face ?>.’ r. 

Bv tho afore- cjoncr:. bed method these tolerances can 
bo rueacurucl to an acruracy of + 0.5 depending 

upon tho UnoPrity of time taoe of the equipment used. 



iMNEXORE - III 


^:LECTHIG«L resistivity V4LUES -AIID 

BiiCK REFIiSCTIOW TO BOND REFLECTION. 








Sr. 

Wo. 

5Sone No . 

5 

^-Average | 

iiResistivi tyl 
lvalues Div.f 

Quotient 5 

o o **“ ^ 

1. 


■k-3 

■4: o 24 

1.5 

^..ceptaH® Bonaing. 

2. 


1-14 

3.68 

1.85 

..do- 

3. 


B- 6 

6.3 

0.65 

Non-accep^®^-® bonding. 

4. 


C -4 * 

7.08 

0.38 

4o- 

5. 


C-5 

8,53 

0.22 

,.do- 

r. 


C-11 * 

3 . 25 

0.17 

..do- 

7. 


D-9 

8.34 

0.31 

,.do~ 

8. 


0-12 

7.11 

0.48 

..do- 

9. 


fi-14 

6.2 

0.28 

.-do- 

10. 


F-5 

5.48 

0.95 

..do- 



F-6 ^ 

4.12 

0.4 

..do- 

Cluster 

the 

X2 * 


F-12 * 

5.5 

0.50 

..do- 

„a entrapment at 
Fine leij plate 

bottom oi 


ijii© 2011© 

* Observations confirmed after sectioning 

and thereafter by macro and micro-exacti'*^ 
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